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(54) PRODUCTION OF GRAFTED VINYL POLYMER 

(57)Abstract 

PURPOSE: To improve graft efficiency, to facilitate control of 
polymerization reaction and to reduce the limitation of a 
polymerizable vinyl monomer by grafting a vinyl monomer on the 
surface of inorganic fine particles by a specific method. 
CONSTITUTION: First, a peroxy group or an azo group introduced 
to the surface of inorganic fine particles such as silica is used as a 
polymerization initiator and a peroxy carbonate group-containing 
monomer of formula I or formula II(each of R1 and R2 is H or 
methyl; R3 is a 1-5C alkyl; R4 is H or a 1-4C alkyl; (p) is I or 2; (q) 
is 0-3) (preferably t-butyl peroxyallyl carbonate) is radically 
polymerized with a copolymerizable vinyl monomer at <90° C to 
graft the vinyl polymer containing peroxy carbonate group at the 
side chain onto the surface of the inorganic fine particles. Then, a 
vinyl monomer is radically polymerized at a temperature >90° C by 
using the peroxy carbonate group of the graft chain on the surface 
of the inorganic fine particles as a polymerization initiator to give 
the objective polymer. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The peroxy group or azo introduced into the front face of a non-subtlety particle is made into a 
polymerization initiator. The radical polymerization, of the vinyl monomer which has the peroxy carbonate radical 
shown by the following-izing 1 or ** 2, and the vinyl monomer which has copolymeric to this vinyl monomer is 
carried out at the temperature of 90 degrees C or less. The graft polymerization of the vinyl polymer which has a 
peroxy carbonate radical in a side chain is carried out to the front face of said non-subtlety particle. The 
manufacture approach of the graft-ized vinyl polymer characterized by carrying out the radical polymerization of 
the vinyl monomer made into the object by making into a polymerization initiator the peroxy carbonate radical 
contained to the graft chain of the non-subtlety particle front face concerned at the temperature exceeding 90 
more degrees C. 
[Formula 1] 

o o CH 3 

li II | 

CH 2 =C-CO (CH: CHO) r -COO-CRs 

I I I 

R 1 R 2 C H 3 

The inside of a formula, R1, and R2 
1-5 is shown, p is 1 or 2. 
[Formula 2] 

C H 2 =C-CH 2 O (CH 
I 

R« 

The inside of a formula, and R2 A hydrogen atom or a methyl group, and R3 The alkyl group of carbon numbers 1-5 
and R4 show a hydrogen atom or the alkyl group of carbon numbers 1-4. q is 0, 1, or 2. 
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A hydrogen atom or a methyl group, and R3 The alkyl group of carbon numbers 

O CH> 

II I 
2 CHO) , -COO-CR s 

R 3 CHs 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the manufacture approach of the graft-ized vinyl polymer which 
can carry out [ graft ]-izing of the various vinyl polymer to the front face efficiently about the refining material of 
polymeric materials, composite with polymeric materials, and the non-subtlety particle further used as magnetic 
grant material, a magnetic fluid, etc. 
[0002] 

[Description of the Prior Art] When using various inorganic particles as magnetic grant material, or when using as 
the refining material of polymeric materials, and composite with polymeric materials, it is called for that a non- 
subtlety particle distributes to homogeneity more an organic solvent, various kinds of organic materials, and in 
[ various ] polymeric materials. In order to raise this dispersibility, it is necessary to make small bonding strength 
committed between non-subtlety particles, or to improve compatibility with a dispersion medium. 
[0003] It is an approach with effective in a non-subtlety particle front face as this means carrying out the graft of 
the polymer chain with sufficient compatibility to a dispersion medium. For example, a peroxy group or azo is 
introduced into the front face of a non-subtlety particle, and carrying out the graft polymerization of the vinyl 
polymer using this radical polymerization initiation radical is known as indicated by a polymer journal, the 22nd 
volume, and 827 pages (1990). 

[0004] Moreover, so that it may be indicated by the collection of the Society of Polymer Science, Japan drafts, the 
40th volume, and 1686 pages (1991) They are a COOK radical and CO+CI04 to a pendant. - The graft of the 
polymer with a radical is carried out to the non-subtlety particle front face. Furthermore, it carries out anionic 
polymerization by making this graft chain into a footing, using a COOK radical as a polymerization initiation radical, 
or it is CO+CI04. - By carrying out cationic polymerization by making a radical into a polymerization initiation 
radical Making the amount of grafts of the polymer to a non-subtlety particle front face increase, and raising the 
dispersibility of a non-subtlety particle is examined. 
[0005] 

[Problem(s) to be Solved by the Invention] However, it was called for that the amount of grafts of a polymer may 
be insufficient for the former approach, it may be unable to discover sufficient dispersibility, and raises the graft 
efficiency of vinyl polymer further by the target application. 

[0006] Moreover, while the latter approach is useful as an approach to which the amount of grafts of a polymer is 
made to increase, in order to base it on a cationic polymerization method or an anionic polymerization method, it 
had the problem that adjustment of reaction conditions, such as pH, concentration, and temperature, is 
complicated, control of a reaction was complicated or the monomer in which a polymerization is possible received 
constraint. 

[0007] While this invention is made paying attention to the problem of these former and the object can raise the 
graft efficiency of the vinyl polymer to a non-subtlety particle, control of a polymerization reaction is easy and 
offering the manufacture approach of little graft-ized vinyl polymer has constraint of the vinyl monomer used for a 
polymerization reaction. 
[0008] 

[Means for Solving the Problem] In order to attain the above-mentioned object, by the manufacture approach of 
the graft-ized vinyl polymer of this invention The peroxy group or azo introduced into the front face of a non- 
subtlety particle is made into a polymerization initiator. The radical polymerization of the vinyl monomer which has 
the peroxy carbonate radical shown by the above-izing 1 or ** 2, and the vinyl monomer which has copolymeric to 
this vinyl monomer is carried out at the temperature of 90 degrees C or less. The graft polymerization of the vinyl 
polymer which has a peroxy carbonate radical in a side chain is carried out to the front face of said non-subtlety 
particle. It is characterized by carrying out the radical polymerization of the vinyl monomer made into the object by 
making into a polymerization initiator the peroxy carbonate radical contained to the graft chain of the non-subtlety 
particle front face concerned at the temperature exceeding 90 more degrees C. 

[0009] Next, each requirement for a configuration of this invention is explained to a detail. First, the non-subtlety 
particle used by this invention is explained. This non-subtlety particle is not limited especially as long as it has the 
reactant radical which can introduce into that front face the peroxy group or azo which is a polymerization 
initiation radical. For example, a silica, titanium oxide, ferrites, carbon black, etc. are applicable. Moreover, there is 
also no constraint of the particle diameter and it considers as an object broadly from a several nm ultrafine particle 
to the thing of several 100-micro meter order which has comparatively large particle diameter. 
[0010] Next, how to carry out the graft copolymerization of the peroxy group content vinyl polymer to this non- 
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subtlety particle front face is explained. About installation of the peroxy group to a non-subtlety particle front face, 
or azo, it is carried out according to a well-known approach. For example, azo can be introduced into front faces, 
such as a silica, titanium oxide, and a ferrite, by the polymer journal, the 22nd volume, and the approach indicated 
by 827 pages (1990). That is, the OH radical which exists in a non-subtlety particle front face is made into a 
reacting point, and it is introduced according to the reaction formula shown in following ** 3 and ** 4 
[0011] 
[Formula 3] 

OCH, 
I 

M-OH + CHaO-Si (CHa ) a OCHa CHCHj 

I \ / 

OCHa 0 

OCHa 



^M-O-Si (CH2 ) 3 OCHi CHCHz 

I \/ 

OCHa O 

[0012] However, M expresses a non-subtlety particle. 

[0013] 

[Formula 4] 

OCHa 
I 

M-O-Si (CH 2 ) a OCHa CHCHa + 

I \/ 
OCHa O 

C H 3 C H S 

I I 

HOOC (CH 2 ) 2 C-N-N-C (CHa ) a COOH 

I I 
CN CN 

OCH, 
I 

>M-0-Si (CH t ) 3 OCH, CHCHa - 

I I 
OCHa OH 

C H 3 C H 3 

I I 

-OOC ( C H 2 ) 2 C-N = N- C (CH a ) 2 COOH 

i I 
CN CN 

[0014] Next, the manufacture approach of the graft-ized vinyl polymer by the graft-ized reaction of the peroxy 
group content vinyl polymer to a non-subtlety particle front face is explained. The radical of the compound which 
graft-ized vinyl polymer constitutes target vinyl polymer from under the conditions which make the peroxy group 
concerned or azo the source of polymerization initiation under existence of the non-subtlety particle which was 
prepared by the above approaches, and which has a peroxy group or azo on a front face, and is shown by ** 1 or 2, 
and a this and the vinyl monomer which has copolymeric is compounded by the polymerization reaction. The 
blending ratio of coal of the compound of ** 1 and 2 has the desirable 1 - 100 weight section to the copolymeric 
vinyl monomer 100 weight section. In under 1 weight section, in the graft-ized reaction of vinyl polymer performed 
on a next step story, since improvement in graft efficiency cannot call it fitness, it is not desirable. Even if it 
exceeds the 100 weight sections, the graft efficiency of vinyl polymer of the improvement more than constant 
value is [ a problem on which it does not see but a manufacturing cost rises ] and is not desirable. 
[0015] What the 10-hour half-life temperature searched for by the pyrolysis in the cumene of 0.02 mol/l 
concentration has in 100-105 degrees C as a vinyl monomer shown by the above-izing 1 or ** 2, and has 
activation energy in the range of 32-35kcal/mol is suitable. In order to control the pyrolysis of the peroxy 
carbonate radical introduced into vinyl polymer, it is required at the temperature of 90 degrees C or less to carry 
out a polymerization. When the polymerization temperature of polymerization time amount is 80-90 degrees C, in 
order that considering as less than 15 hours may control the pyrolysis of a peroxy carbonate radical, in the case of 
less than 12 hours and less than 80 degrees C, it is desirable because of profitability. 

[0016] As a polymerization method used for this invention, a well-known solution polymerization method, a bulk- 
polymerization method, etc. are adopted conventionally. It is desirable to carry out a polymerization in the vinyl 
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monomer which dissolves the inside of the good solvent of the peroxy group content vinyl polymer graft-ized 
especially or the vinyl polymer concerned. 

[0017] As a vinyl monomer which has the peroxy carbonate radical shown by ** 1 in this invention t-butylperoxy 
AKURIROIROKISHI ethyl carbonate, t-amyl peroxy AKURIROIROKISHIECHIRU carbonate, t-hexyl peroxy 
AKURIROIROKISHIECHIRU carbonate, t-butylperoxy METAKURIROIROKISHI ethyl carbonate, t-amyl peroxy 
METAKURIROIROKISHIECHIRU carbonate, t-hexyl peroxy METAKURIROIROKISHIECHIRU carbonate, t- 
butylperoxy AKURIROIROKISHI ethoxyethyl carbonate, t-hexyl PERUOKISHIAKURIROIROKISHI ethoxyethyl 
carbonate, t-butylperoxy METAKURIROIROKISHI ethoxyethyl carbonate, t-hexyl peroxy METAKURIROIROKISHI 
ethoxyethyl carbonate, etc. are raised. 

[0018] Moreover, as a vinyl monomer which has the peroxy carbonate radical shown by ** 2, t-butylperoxy allyl 
carbonate, t-amyl peroxy allyl carbonate, t-hexyl peroxy allyl carbonate, t-butylperoxy metallyl carbonate, t-amyl 
peroxy metallyl carbonate, t-hexyl peroxy metallyl carbonate, etc. are raised. 

[0019] t-butylperoxy AKURIROIROKISHI ethyl carbonate, t-butylperoxy METAKURIROIROKISHI ethyl carbonate, 
t-butylperoxy allyl carbonate, and t-butylperoxy metallyl carbonate are suitably used among the vinyl monomers 
shown by the above-izing 1 or ** 2. 

[0020] The copolymeric vinyl monomer used by this invention is suitably chosen according to the application for 
which a graft-ized non-subtlety particle is used that there should just be the compound of the above-izing 1 or ** 
2 and copolymeric. That is, it is broadly chosen from the hydrophilic vinyl monomer which forms a water-soluble 
polymer to the hydrophobic vinyl monomer which forms a hydrophobic polymer. 

[0021] For example, as the vinyl monomer of** 1, and a vinyl monomer which has copolymeric, it is named a 
methyl acrylate generically below methyl-acrylate and/or methyl-methacrylate [ (meta). Like the following, ], an 
ethyl acrylate (meta), acrylic-acid (meta)-n-propyl, Acrylic-acid isopropyl, metaglycidyl acrylate (meta), (Meta) 
Acrylic-acid-n-butyl, isobutyl acrylate (meta), (Meta) Acrylic-acid^t-butyl, 2-ethylhexyl acrylate (meta), (Meta) 
Acrylic-acid octyl, acrylic-acid (meta) lauryl, acrylic-acid (meta) stearyl, (Meta) Acrylic-acid cyclohexyl, acrylic- 
acid (meta) benzyl, (Meta) Acrylic ester, such as acrylic-acid-N and N~dimethylaminoethyl (meta), (Meta) Acrylic- 
acid hydroxyl ethyl ester, acrylic-acid (meta) hydroxy propyl ester, (Meta) Hydroxy ester of an acrylic acid like 
acrylic-acid-3-Krol-2-hydroxy propyl ester (meta), (Meta) Acrylic-acid triethylene glycol ester, the ester of the 
polyethylene glycol of an acrylic acid and polypropylene glycol like acrylic-acid (meta) dipropylene glycol ester 
(meta), (Meta) Aromatic series vinyl mold monomers, such as styrene, vinyltoluene, and alpha methyl styrene, 
Acrylamide, N-methylol (meta) acrylamide, (Meta) Amide group content vinyl system monomers, such as N and N- 
dimethyl (meta) acrylamide, N-(meta) acryloyl morpholine, and 2-acrylamido-2-methyl propane sulfonic acid, an 
acrylic acid (meta), an itaconic acid, etc. are raised. These vinyl monomers may be used independently and may 
use two or more sorts together as a copolymerization component. 

[0022] Moreover, as the vinyl monomer of** 2, and a vinyl monomer which has copolymeric, a disconjugation mold 
vinyl monomer like carboxylic-acid vinyl ester, such as formic-acid vinyl, vinyl acetate, propionic-acid vinyl, and 
stearin acid vinyl, or a vinyl chloride is raised. These monomers may use together and use one sort or two sorts or 
more. 

[0023] Next, how to graft-ize a vinyl monomer further by making the peroxy group in vinyl polymer into a 
polymerization initiator is explained using the non-subtlety particle which was obtained by the aforementioned 
approach and which has peroxy group content vinyl polymer as a graft chain. 

[0024] In this graft-ized reaction, once isolating the particle by which peroxy group content vinyl polymer was 
graft-ized from the inside of said polymerization system, it may be used, and while it had made it exist in said 
polymerization system, it may be continued and used. Moreover, it is appropriate to carry out in the good solvent 
to the peroxy group content vinyl polymer on the front face of a particle and the graft-ized polymer. Especially the 
preparation conditions of a particle and a vinyl monomer that peroxy group content vinyl polymer was graft-ized do 
not receive constraint, but **** setting out is carried out by the object. 

[0025] As for a graft-ized reaction, it is desirable to carry out above 90 degrees C from the point of a graft 
efficiency side and profitability, and it is still more suitable for it to carry out in the range which is 100-130 degrees 
C. The temperature of less than 90 degrees C shows the inclination for a reaction to take long duration and for 
graft efficiency to also fall. Moreover, even if it exceeds 130 degrees C, the inclination for graft efficiency to fall is 
shown. 

[0026] The vinyl monomer used at a graft-ized reaction does not have definition, and is broadly chosen by the 
object. For example, various kinds of above vinyl monomers can be used. Moreover, when the polymerization invert 
ratio of the graft-ized reaction time of peroxy group content vinyl polymer is not not much high, temperature up 
can be carried out to 90 degrees C or more, without isolating a residual vinyl monomer, and a polymerization can 
also be continued as it is. In this case, to the vinyl monomer 100 weight section, although the vinyl monomer of the 
above-izing 1 and 2 will also be used for a polymerization reaction, if ** 1 or the compound of 2 is below 30 weight 
sections, evil will not arise substantially. Furthermore, it is also a desirable approach that carry out temperature up 
of the target vinyl monomer to 90 degrees C or more, and it carries out a polymerization to them after adding in a 
polymerization system. 

[0027] Measurement of the graft efficiency of the graft-ized reaction time of this invention and the rate of a graft 
is possible by the well-known approach. For example, centrifugal separation actuation is performed until the graft- 
ized non-subtlety particle separates the reactant or reaction solution of the specified quantity thoroughly after 
dilution adjustment by the good solvent of the vinyl polymer used for the graft-ized reaction as indicated by the 
22nd volume of a polymer journal, and 827 pages (1990). Subsequently, the taken-out graft-ized non-subtlety 
particle can be dried and it can ask by performing a Soxhlet extraction further. 
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[0028] 

[Function] A peroxy group or azo is introduced into the front face of a non-subtlety particle according to a 
conventional method, and the radical polymerization of the specific vinyl monomer which has the peroxy carbonate 
radical shown by above-mentioned ** 1 or above-mentioned ** 2, and this and the vinyl monomer which has 
copolymeric is carried out to it at the low polymerization temperature. of 90 degrees C or less by making the 
peroxy group or azo of this non-subtlety particle front face into a polymerization initiator. And the vinyl polymer 
which has a peroxy carbonate radical in a side chain is graft-ized by the inorganic particle front face. 
[0029] Since this polymerization reaction is performed at low temperature 90 degrees C or less, decomposition of 
the vinyl monomer which has a peroxy carbonate radical is controlled, and the peroxy carbonate radical used as 
the polymerization initiator of a next step story remains efficiently. Moreover, this polymerization is performed 
easily and smoothly by the radical polymerization. 

[0030] Next, the radical polymerization of the vinyl monomer is carried out at the temperature exceeding 90 
degrees C by making into a polymerization initiator the peroxy carbonate radical contained to the graft chain of a 
non-subtlety particle front face. And the graft of the vinyl polymer is carried out to a non-subtlety particle front 
face, and graft-ized vinyl polymer is manufactured. In this polymerization reaction, graftHzation is efficiently 
performed using the peroxy carbonate radical contained to the graft chain of a non-subtlety particle front face 
[0031] 

[Example] Hereafter, an example and the example of a comparison explain this invention concretely. The code of 
the vinyl monomer which has the peroxy carbonate radical used in each example, the code of a vinyl monomer 
used for the polymerization, and the property of the non-subtlety particle used for the graft-ized reaction are 
shown below. In addition, in each example, % expresses weight % and the section expresses the weight section. 
MEC:t-butylperoxy METAKURIROIROKISHI ethyl carbonate AECit-butylperoxy — AKURIROIROKISHI ethyl 
carbonate AC:t-butylperoxy allyl carbonate MMAimethyl-methacrylate St: — styrene ANracrylonitrile 
DMAAm:dimethyl acrylamide VAc:vinyl acetate silica: — mean-particle-diameter =16nm, and specific-surface-area 
-200m2 / g, and OH radical =1.37 mmol/g (product made from Japanese Aerosil, Inc. Aerosil 200) 
Titanium oxide: Mean-particle-diameter =120nm, and specific-surface-area =90-1 50m2 / g, OH radical =0.77 
mmol/g (Titan Kogyo K STTmade from K.- 30) 

Ferrite: Specific-surface -are a =1 10m2 / [ the mean particle diameter of 15nm, and ] g, OH radical =0.50 mmol/g 
(Ultrafine[ by Sumitomo Cement Co., Ltd. ] nickelzinc ferrite) 

(Example 1 of reference) Azo was introduced into the front face according to the approach a polymer journal, the 
22nd volume, and given in 827 page (1990), using a silica, titanium oxide, and a ferrite as a non-subtlety particle. 
The reaction was advanced as follows. 

[0032] The 3-glycidoxypropyltrimetoxysilane 5 section, said each inorganic particle 10 section, and the toluene 95 
section were taught to the reactor equipped with the thermometer, the agitator, and the reflux condenser, and it 
heated at 1 10 degrees C, and stirred at this temperature for 8 hours. The inorganic particle after a reaction was 
taken out, the Soxhlet extraction using a methanol was performed, the unreacted object was removed, and the 
non-subtlety particle into which the glycidoxy radical was introduced was obtained. 

[0033] Next, the said non-subtlety particle 9 section, 4, and 4'-azobis (4-cyano pentanoic acid) 1.5 section, the 
alpha-picoline 0.2 section, and the DMSO150 section were taught to said reactor, and the reaction was performed 
at 50 degrees C for 5 hours. The methanol washed each inorganic particle after the reaction, and the non-subtlety 
particle which carried out reduced pressure drying at 25 more degrees C, and introduced azo was obtained. 
[0034] The amount of installation of azo was computed from the nitrogen volume by elemental analysis about each 
inorganic particle. Consequently, the amount of azoes on the front face of a silica was [ the amount of azoes on 
0.05 mmol/g and the front face of a ferrite of the amount of azoes on 0.07 mmol/g and the front face of titanium 
oxide ] 0.03 mmol/g. 

[0035] Hereafter, the azo content inorganic particle obtained with the above is called an azo silica, azo titanium 
oxide, and an azo ferrite, respectively. 
(Example 1) 

(1) The reactor equipped with the graft-ized reaction temperature meter, agitator, and reflux condenser of peroxy 
group content vinyl polymer was heated at 80 degrees C, blowing nitrogen gas, the mixed solution which consists 
of the azo silica 5 section, the St 16 section, the MEC4 section, and the toluene 25 section was prepared, and the 
radical polymerization was performed for 10 hours. As a result of measuring the amount of residual St, and the 
amount of MEC(s) by gas chromatogram (henceforth GC), the polymerization invert ratio was 45%. 

[0036] The toluene 150 section was added and diluted to reaction **** after cooling. Diluted solution was moved 
to the centrifuge tube, and by 12000rpm and centrifugal separation actuation of 1 hour, the silica by which the 
polymer was graft-ized was settled thoroughly and taken out. Then, the silica was supplied in the toluene 200 
section, it was immersed at 50 degrees C for 3 hours, and unreacted vinyl polymer and an unreacted monomer 
were removed. After repeating this actuation twice, reduced pressure drying was carried out at 25 degrees C, and 
it asked for the rate of a graft by the degree type. 

[0037] Rate =(non-subtlety particle weight before non-subtlety particle weight-reaction after reaction)/(non- 
subtlety particle weight before reaction) xof graft 100, consequently the rate of a graft were 32%. 

(2) The graft-ized silica 5 section obtained above (1), the St20 section, and the toluene 25 section were taught to 
the same reactor as the secondary graft-ized reaction above (1) of the vinyl monomer from graft-ized vinyl 
polymer, and the radical polymerization reaction was performed at 1 10 degrees C for 10 hours. 

[0038] After reaction termination, when asked for the rate of a graft by the same approach as the above (1), it was 
shown that it is 45%. From this result it asked for the graft efficiency of the vinyl polymer on the basis of an azo 
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silica (silica before the graft-ized reaction of (1)) according to the degree type. 

[0039] It was shown that graft efficiency =(weight of azo silica after weight-reaction of azo silica before reaction)/ 
(weight of azo silica before reaction) x100, consequently graft efficiency are dramatically as good as 91%. 
(Example 2) After termination of the same reaction as (1) of an example 1, temperature up was succeedingly 
carried out to 110 degrees C, and the radical polymerization reaction was continued for further 10 hours. The 
polymerization invert ratio of St was 96%. 

[0040] When graft efficiency was computed by the same approach as an example 1, the good value of 78% was 
acquired. 

(Example 1 of a comparison) The azo silica 5 section, the St20 section, and the toluene 25 section were taught to 
the same reactor as an example 1, it performed at 80 degrees C and the polymerization reaction was performed at 
110 more degrees C for 10 hours for 10 hours. The polymerization invert ratio of St was 49%. 
[0041] The graft efficiency for which it asked by the same approach as an example 1 was 38%. 

(Example 2 of a comparison) Except [ all ] having changed the polymerization temperature of 1 10 degrees C of the 
2nd step in an example 2 into 87 degrees C, the polymerization was performed on the same conditions as an 
example 2. Consequently, graft efficiency was 42%. 

[0042] As mentioned above, the graft efficiency excellent in examples 1 and 2 was attained by easy actuation. On 
the other hand, graft efficiency fell to the degree of pole in the case (example 1 of a comparison) of the 
conventional method which does not use the above-izing 1 or the vinyl monomer of 2, or the case (example 2 of a 
comparison) where this invention 90 degrees C or less has the polymerization temperature of the 2nd step out of 
range. 
(Example 3) 

(1) It heated at 75 degrees C, blowing nitrogen gas into the reactor used in the graft-ized reaction example 1 of 
peroxy group content vinyl polymer, the mixed solution which consists of the azo ferrite 5 section, the VAc35 
section, the ACS section, and the ethyl-acetate 75 section was prepared, and the radical polymerization was 
performed for 8 hours. The polymerization invert ratio was 70%. 

[0043] Subsequently, it asked for graft efficiency by the same approach as an example 1 except having used ethyl 
acetate for the change of the toluene of an example 1. Consequently, it was shown that graft efficiency is 28%. 

(2) The graft-ized ferrite 5 section obtained with the secondary graft-ized reaction above (1) of the vinyl monomer 
from graft-ized vinyl polymer, the MMA20 section, and the ethyl-acetate 25 section were taught into the 
autoclave, and the radical polymerization reaction was performed at 120 degrees C for 5 hours. 

[0044] After reaction termination, when asked for the rate of a graft by the same approach as the above (1), it was 
shown that it is 41%. From this result it was shown that the graft efficiency of the vinyl polymer on the basis of an 
azo ferrite (ferrite before the graft-ized reaction of (1)) is dramatically as good as 79%. 

(Example 3 of a comparison) The mixed solution which becomes the same reactor as an example 1 from the azo 
ferrite 5 section, the VAc40 section, and the ethyl-acetate 75 section was prepared, and the polymerization was 
performed for 15 hours. The polymerization invert ratio was 75%. 

[0045] Subsequently, it asked for graft efficiency by the same approach as an example 1 except having used ethyl 
acetate instead of the toluene of an example 1. Consequently, it was shown that graft efficiency is 30%. 
[0046] As mentioned above, in the case of the conventional method which does not use the above-izing 1 or the 
vinyl monomer of 2 to good graft efficiency having been attained in the example 3 (example 3 of a comparison), 
graft efficiency was low. 

(Examples 4-7, examples 4-6 of a comparison) The class shown in the following tables 1 and 2, the azo inorganic 
particle of an amount and the vinyl polymer which has a peroxy carbonate radical, and various vinyl monomers 
were taught into methyl cellosolve, and the graft-ized reaction was performed. Polymerization conditions and a 
polymerization result are collectively shown in tables 1 and 2. In addition, graft efficiency was measured by the 
same approach as an example 1 using the solvent used for the polymerization. 



[0047] 
[A table 1] 
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[0049] The graft efficiency excellent in examples 4-7 was obtained from the result of a table 1 and a table 2. On 
the other hand, graft efficiency was low when not using the above-izing 1 or the vinyl monomer of 2 (examples 4-6 
of a comparison). 
[0050] 
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[Effect of the Invention] Since a polymerization is performed by the radical polymerization method while being able 
to raise the graft efficiency of the vinyl polymer to a non-subtlety particle front face according to this invention 
since a polymerization is gradually performed at predetermined polymerization temperature using the vinyl 
monomer of specific structure which has a peroxy carbonate radical as explained in full detail above, control of a 
polymerization reaction is easy and does so the outstanding effectiveness that there is little constraint of vinyl 
polymer. 



[Translation done.] 
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